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Monopole-antimonopole condensation in the interpolating 
Georgi-Glashow model 

Chulwoo Jung a * 

a Departmcnt of Physics, Columbia University, New York, NY 10027 U.S.A. 

We study the three dimensional Georgi-Glashow model (which interpolates smoothly between pure U(l) and 
SU(2) limits) using a constrained cooling which preserves 't Hooft-Polyakov monopoles. We find that the 
monopole-antimonopole condensation gives an area law for the Wilson loops. The monopole contribution to 
the string tension is close to the Monte Carlo value in the intermediate region. 



In spite of considerable evidence for confine- 
ment at weak coupling from numerical simula- 
tions, an analytic understanding of the long- 
range properties of non-Abelian gauge theories 
has been quite limited. In this note, we investi- 
gate the role of the 't Hooft-Polyakov monopoles 
in the non-perturbative physics of the 3 di- 
mensional Georgi-Glashow model(GG3). It was 
shown by Polyakov|l| that the condensation of 
these monopoles is responsible for confinement in 
the region where monopoles are far apart and the 
distribution of the monopoles is determined by 
Coulomb interaction between monopoles. Cool- 
ing (systematic reduction of the action) p| , when 
applied to the Monte Carlo lattices in the in- 
termediate region of GG3, yields collections of 
(anti)monopoles which are stable solutions on the 
lattice. However, the distribution of monopoles 
in these configurations may have little bearing on 
the monopole distribution in the original config- 
urations since cooling can change the monopole 
distribution. 

In this work, the role of the 't Hooft-Polyakov 
monopoles present in the Monte Carlo(MC) lat- 
tices is investigated using a constrained cooling 
procedure we refer as monopole preserving cool- 
ing (MP cooling in short) which preserves the 
number and the location of the monopoles while 
cooling. A brief description of MP cooling and the 
comparison between MP cooling and the uncon- 
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strained cooling ('cooling' in short) is given in sec- 
tion 1. We discuss the behavior of the Creutz ra- 
tios (both fundamental and adjoint) of MP cooled 
lattices in section 2. 

1. MP cooling 

For the numerical simulation, we used a 
discretized version of the Georgi-Glashow La- 
grangian with the radially frozen approximation. 
($ n is a real 3-vector, $ n • $„ = 1) 

S(0 g ,0 h ) = /3 g S g +/3 h S h = g ^2(l - l -tr(Up)) 

p 

+(i h ^(1 - -tr($ n • aU n ^ n+fl ■ aUtj) 

This model describes a U(l) theory as (3h — ► 00 
and the pure SU(2) theory as as fit ~^ 0. 

MP cooling on the MC configurations is imple- 
mented as follows. After gauge transforming the 
Higgs fields to $ = z, the projected U(l) field 
is given by 9 nfl = arg((C/ n ^)n)(-7T < 9 < n). 
Now the monopoles are located on the dual lattice 
points by applying a standard procedure devised 
by DeGrand & Toussaint || on n/i . A new gauge 
link which lowers the action is accepted only if 
the monopole numbers for the 4 cubes surround- 
ing the gauge link remains the same. 

Table [l] shows the action density and the 
monopole density for 24 3 lattices. We used 
the couplings (/3 g ,0h) obtained by Duncan and 
Mawhinney, which keep the string tension quali- 
tatively the same[0. At j3 g — 3.0, 0h = 3.0, the 
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Table 1 

The summary of measured quantities. All the simulations are done on 
the MC string tension is the constant fit to the Creutz ratio C(R, R) 
ratio is C(R, R) at R — 12. MP Creutz ratio may not be close to the 
convergence as you see in Fig. 0. 



a 24 3 lattice. The quoted value of 
for R = 8 to R = 12. MP Creutz 
asymptotic value due to the slow 



MP cooled configuration is essentially U(1)(S/, ~ 
0) since the nonabelian cores of the monopolcs 
are small. As we approach the SU(2) limit, the 
monopole density increases since the action of in- 
dividual monopoles gets smaller. 

Table shows the evolution of the monopole 
number and the action density of a single lattice 
near the U(l) limit (/3 S = 3.0, g = 3.0) and near 
the SU(2) limit (J3 g = 9.9, [3 h = 0.1) under cooling 
and MP cooling. Cooling induces the annihilation 
of close monopole-antimonopole pairs, resulting 
in a lower action than MP cooling. 



A, = 3.0 f3h = 3.0 







Figure 1. Action density plot of a MP cooled 
lattice for j3 g = 9.4 f3 h = 0.5. 

Fig. [j] shows the action density plot of a 
MP cooled lattice near the SU(2) limit (f3 g = 
9.4, j3h = 0.5). In contrast to the smooth action 
density we see for cooled lattices, MP cooled lat- 
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/3 g = 9.9 p h = 0.1 
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Table 2 

The evolution of the monopole number and the 
action density under cooling and MP cooling. For 
MP cooling, the monopole number is fixed, cool- 
ing. N is the number of cooling steps. 



tices show many small but sharp peaks and seems 
to lack any global structure which might devel- 
ops into the smooth peaks when we approach the 
SU(2) limit. 

2. Creutz ratios 

Fig. g shows the behavior of the fundamental 
Creutz ratios for the MC and the MP cooled lat- 
tices in the intermediate region (/3 S = 7.6, 0h — 
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Figure 2. Creutz ratios for the MC and MP 
cooled lattices. Straight lines indicates the fitted 
value of the string tension for the MC lattices. 



0.87) and near the SU(2) limit {(3 g = 9A,j3 h = 
0.5). While the presence of the Coulomb interac- 
tion makes the fundamental Creutz ratio for the 
MC lattices approach the asymptotic value from 
above, the Creutz ratio for MP cooled lattices 
approaches from below, similar to the behavior 
of the Creutz ratio of the monopolc contribution 
in the Villain U(l) model j|. From near the U(l) 
limit to the intermediate region, the MP Creutz 
ratios approach the MC Creutz ratios at a large 
R and a plateau begins to emerge. As we move 
closer to the SU(2) limit where the nonabelian 
cores of the monopoles begin to overlap, the area 
law for the Wilson loops persists although the 
Creutz ratio increases slower. It is not clear if 
the MP Creutz ratio converges to a smaller value 
or the lattice size is too small compared to the 
length scale at which it converges. 

Fig. g] shows the ratios of the fundamental and 
the adjoint Creutz ratio for the MC and the MP 
cooled lattices. The ratio is asymptotically for a 
U(l) theory and is 8/3 for pure SU(2) gauge the- 
ory until the onset of the color screening (Casimir 
scaling) Q . In the intermediate region, the ratios 
for both the MC and MP cooled lattices show the 
transition between two values. Although the in- 
dividual (fundamental, adjoint) Creutz ratios are 
quite different, the ratios of two Creutz ratios for 
MP cooled lattices show the same features as the 
MC lattices. 



Figure 3. Ratios of the fundamental and the ad- 
joint Creutz ratio of the MC and the MP cooled 
lattice. The dotted line indicates the Casimir 
ratio(8/3). The ratio is zero at a large R for 
both the MC and the MP cooled lattices at 
& = 3.0,/3h = 3.0. 



3. Discussion 

The 't Hooft-Polyakov monopole condensation 
in GG3 gives an area law for the Wilson loops 
although the string tension appears to be less 
than the MC value, especially near the SU(2) 
limit. The non- vanishing Higgs action and the 
Casimir scaling of the MP cooled lattices near 
the SU(2) limit suggests the interactions between 
these monopoles are no longer abelian. More 
simulation with a larger volume is needed to see 
whether the smaller Creutz ratios for MP cooled 
lattices are due simply to the small volume or a 
change in the confinement mechanism in this re- 
gion. 
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